have been employed for characterization and screening of new strains (Ouwehand et al. 2001; Styriak et al. 2003; Tuomola and Salminen 1998; Vesterlund et al. 2006) . Adhesion is believed not only to play a role in the persistence of a particular strain in the digestive tract but also to participate in pathogen exclusion by competition and blocking of their binding sites at the mucosa (Collado et al. 2007 ; Lee et al. 2003; Vesterlund et al. 2006) . Also, it may contribute to immunomodulation (Galdeano et al. 2007 ). However, some authors have hypothesized that attachment factors in lactic acid bacteria are risk factors that might be an indicative of their pathogenic potential (Vesterlund et al. 2007 ).
Lactobacilli can bind to mucin, a component of the mucus epithelial layer and to a variety of proteins present in the extracellular matrix (ECM), such as fibronectin, collagen and laminin, which are shed into the mucus or can be exposed to the intestinal lumen in case of trauma, infection or inflammation (Lorca et al. 2002; Styriak et al. 2003) . While in most cases protein factors have been identified as responsible for this attachment, with the exception of mucinbinding proteins from lactobacilli, information about specific binding proteins is still scarce for this group of microorganisms (Vélez et al. 2007 ).
Fibronectin is a dimeric 454-kDa glycosylated protein which is present in soluble form in plasma and in immobilized form on the host cells surfaces and in the ECM. It is an important target for bacterial attachment in many pathogens, such as Streptococcus pneumoniae and Streptococcus pyogenes, where fibronectinbinding proteins are important pathogenic factors (Holmes et al. 2001; Jedrzejas 2007; Molinari et al. 1997 ). There are numerous works describing the attachment of lactic acid bacteria to fibronectin but information about molecules implicated in the mechanism of binding is limited. The surface layer protein (SlpA) from Lactobacillus brevis ATCC8287 is involved in fibronectin binding (de Leeuw et al. 2006) . Moreover, inspection of lactobacilli genome sequences reveals that they carry genes encoding proteins homologous to fibronectin binding proteins from streptococci. Lactobacillus casei is a species widely used in the dairy industry. It is also a normal constituent of the intestinal microbiota in humans and probiotic capacities have been reported for many strains, for which it is included as a probiotic in food products. Some L. casei strains survive the passage through the digestive tract in humans and persist in it for several days (Oozeer et al. 2006) . In this work we sought to analyze factors involved in interaction with host cells and colonization of intestinal mucosa in L. casei BL23.
This strain has been widely used for genetic and physiology studies (AcedoFelix andPerez-Martinez 2003) , it showed anti-inflammatory effects in animal inflammatory bowel disease models (Foligne et al. 2007 ) and its genome sequence is available. We describe the characterization of a gene encoding a fibronectin-binding protein that was detected during the in silico analysis of putative adhesion factors encoded in the L. casei BL23 genome. 
Strains and growth conditions
Lactobacillus casei strains are listed in Table 1 HindIII and KpnI and cloned into the integrative vector pRV300 (Leloup et al. 1997 ) treated with the same enzymes. The resulting plasmid, pRVfbp, was transformed by electroporation into BL23 strain by using a Gene-Pulser (Biorad) as previously described (Posno et al. 1991 ) and transformants were selected in solid media by erythromycin resistance. Integration at the correct locus and Hybond-N membranes (GE Healthcare) by using alkaline phosphataseconjugated anti-DIG and the CDP-star chemiluminiscent reagent as recommended by the manufacturer (Roche). The insertional mutation was shown to be stable for at least ~40 generations in the absence of antibiotic (screening of 600 colonies after two consecutive overnight cultures gave a 100% of erythromycin resistants). Therefore, to discard interferences resulting from growth with antibiotics, bacteria used for the binding experiments in Figure   2A and for growth curves were grown in the absence of erythromycin. Color was developed with the 1-Step TM Ultra TMB-ELISA substrate (Pierce).
To assay binding to soluble fibronectin, L. casei bacterial cells at an OD550nm of 1 (7x10 8 cfu ml -1 ) were incubated with 100 to 500 ng of fibronectin in 1 ml of PBST containing 1% BSA for 1 h at 37ºC. After three washes with PBST, bound fibronectin was released by boiling the bacteria in SDS-PAGE buffer and detected by western blotting with a rabbit anti-fibronectin serum (Sigma).
Adhesion to solvents test
Microbial adhesion to solvent (MATS) test has been used to asses the surface properties of lactobacilli (Vinderola et al. 2004) . This test was performed with L.
casei essentially as described (Bellon-Fontaine et al. 1996) . 
Isolation of cellular fractions and western blot
L. casei bacterial cells were grown in 50 ml of MRS to late exponential phase (OD550nm of 3.5-4; 1.2x10 9 to 1.4x10 9 cfu ml -1 ) and washed two times with PBS. The pellet was resuspended in Tris-HCl 10 mmol l -1 pH8, LiCl 1.5 mol l -1 and incubated at 4ºC for 1 h. Bacteria were pelleted by centrifugation at 6000xg
for 10 min and proteins in the supernatant were precipitated by adding trichloroacetic acid to 10% and incubation at 4ºC for 1 h, followed by centrifugation at 10.000xg 20 min, washing with cold 96% ethanol and resuspension of the pellet in urea 7 mol l -1 . The cell pellet was disrupted with glass beads (0.1 mm) in a Mini-Bead Beater (BioSpec Products, Bartlesville, OK, USA ) with four cycles of 30 s at maximal speed and unbroken cells were discarded by centrifuging the supernatant three times at 6000xg for 5 min. The supernatant was then centrifuged at 22.000xg, 20 min at 4ºC. The soluble fraction was retained as the cytoplasm fraction, whereas the pellet was washed three times at 22.000xg for 15 min with Tris-HCl 50 mmol l -1 pH8 plus NaCl 0.5 mol l -1 and retained as the cell-envelope fraction (cell-wall/membrane fragments). To asses the effect of protease digestion on LiCl extraction of FbpA, before extraction the bacteria were treated with protease as described above.
Samples of the different fractions were separated by 10% SDS-PAGE and the gels were electro-transferred to Hybond-ECL membranes (GE Healthcare).
FbpA was detected with a mouse anti-FbpA serum (1:5000) and the ECLadvance western blotting detection kit (GE Healthcare). Figure 2B ). This latter idea was confirmed by incubating L. casei cells with fibronectin. After several washings, fibronectin attached to the cell surface could be released and detected by immunoblotting ( Figure 2C ). In these assays, no differences between the wild-type and the fbpA mutant were observed and protease treatment reduced the binding in both strains ( Figure 2C ). In conclusion, the attachment ability to immobilized as well as soluble fibronectin probably involved surface proteinaceous substances and FbpA played a role in attachment to the immobilized form. 
L. casei FbpA binds to fibronectin
The fbpA gene was cloned in E. coli and FbpA was purified after expression as a His-tagged protein.
When the purified protein was tested for binding to fibronectin immobilized on immunoplates, it was shown that 6X(His)FbpA bound to fibronectin in a dose-dependent and saturable manner. A low binding was observed when the immunoplates were covered with the control protein BSA ( Figure 4A ). In inhibition experiments where soluble fibronectin was added to the binding reaction, a low inhibition (around 20%) in FbpA binding was only found at the highest fibronectin concentration ( Figure 4B ). These results were in agreement with the previous characterization of the L. casei fbpA mutant and those reported for the S. pneumoniae protein (Holmes et al. 2001) , which showed that FbpA preferentially binds to immobilized fibronectin. Previous studies showed that some lactobacilli were able to bind to the immobilized but not to the soluble form of fibronectin (Lorca et al. 2002) . We showed that L. casei BL23 can bind both forms of fibronectin but FbpA is binding more efficiently to only the immobilized form. The FbpA proteins belong to an atypical group of fibronectin-binding proteins which lack the repetitive, secretion and cell-wall anchoring (LPXTG motif) sequences present in other characterized fibronectin-binding proteins (Jedrzejas 2007) . Lack of conventional signal for secretion and anchoring is a common feature of numerous proteins which decorate the bacterial surface. In lactobacilli, many of the characterized attachment factors are surface "moonlighting" proteins that are implicated in other processes. These include the elongation factor Tu (EFTu) (Granato et al. 2004) , the heat shock protein GroEL (Bergonzelli et al. 2006) and glycolytic enzymes (Hurmalainen et al. 2007; Kinoshita et al. 2008; Ramiah et al. 2008) . How these proteins are transported and localized at the cell surface is still unknown.
Although L. casei FbpA can be found at the cell surface, the vast majority of the protein was of intracellular location. Similar results were found for the homologue protein Fbp68 from Clostridium difficile (Hennequin et al. 2003) .
Despite of the fact that all FbpA-homologues characterized to date have a surface location, posses in vitro binding ability to fibronectin and are important virulence factors in pathogens (Dramsi et al. 2004; Holmes et al. 2001) , some controversy exists about the exact role of FbpA. In S. gordonii, fbpA is clustered with a gene (cshA) encoding a distinct fibronectin-binding protein whose expression is down-regulated upon fbpA mutation, for which it was postulated that FbpA might play a role in the transcriptional regulation of adhesion factors (Christie et al. 2002) . Likewise, a mutation in fbpA of Listeria monocytogenes reduces the amount of two virulence factors (listeriolysin O and InlB) acting at the post-transcriptional level and FbpA co-precipitates with them, therefore it was postulated that it might function as a chaperone or an escort protein for these factors (Dramsi et al. 2004) . The genome context of fbpA in L. casei BL23 does not allow prediction of putative functions for FbpA. The fbpA gene is monocistronic and no adhesion-related genes can be found adjacent to it. The pleiotropic effects of fbpA mutations largely differ between species. S. pneumoniae pavA (fbpA) mutants bound less to fibronectin and were attenuated in virulence, however, they showed no changes in cell surface physicochemical properties or in the expression of virulence factors (Holmes et al. 2001) . A different situation was found in S. gordonii (Christie et al. 2002) and in L. casei BL23 fbpA mutants, where a clear decrease in the cell surface hydrophobicity was observed. In S. gordonii this decrease was related to the lower expression of CshA (Christie et al. 2002) . Further research is needed to disclose the changes produced by an fbpA mutation on the cell surface of L. casei BL23.
Whether FbpA directly interacts with fibronectin in vivo or it modulates the expression and functionality of other interacting proteins, or both, is still unknown. It has been reported that the adhesive capacity of lactobacilli to ECM proteins is not exclusively found in probiotics or human isolates (Vesterlund et al. 2007 ).
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